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ABSTRACT

We present the V and Ilight curves of a nova discoveredinthe disk of the
spiral galaxy M| 00, located inthe Virgo cluster. In spite of the fact that the
light curve is not wellsampled around maximumlight and the reddening to the
nova isnot accurate] y known, by adopting the maximum magnitude versus rate
of decline relation by Della Valle and Livio (1 995, ApJ, 452, 704) we derive a
distance modulus to M10O fto~ 31.04 0.3, fully consistent withthe Cepheid
distance modulus of 31.04 4 0.17 mag found by Ferrareseet a. (1 996, ApJ, in

press) from thesame set, of HST/WFPC2 data.

Subjcet headings: Novae, cataclysmic variables - stars: distances galaxies:

individual (M 100, NGC 4321)
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1. Introduction

The aim of the Hubble Space Telescope (11 S'1') Key Project on the Fxtragalactic
Distance Scale [e.g. Freedmanetal. (1 994a), IFreedmanet al. (1994b), Freedman et
al. (1994¢), Mould et al. (1995), Kennicutt et al. (1995)] is torefine the zero points of
sccondary distance indicators by measuring Cepheid distances to asample of 18 galaxies,
out to distances of about 20 Mpc. These galaxies arelocated in the field, small groups
(c.g.Leo 1) and larger clusters (Virgo and Fornax).Inaddition to Cepheids, several other
variable stars are bound to be discovered, even if the observing strategy is not designed
to provide the best sampled light curve and/or period determination. Possible detections
are eclipsing binarics, short— period variables such as RR Lyrac stars, Luminous Blue
Variables --- and novae. kven if a systematic search for any of these variables has not been
carried out in any of the Project’s galaxies (after all, Cepheidsarethe primary objective),
occasionall y some of thcm are infact observed [Freedmanet al. (1 994a), Kelsonet al,
(1 996), Silbermannet a. (1 996), Ferrarcse ctal. (199G)]. In particular, we reportinthe
present work the detection of a novainthespiral galaxy M1 00, located in the Virgo cluster.
This is atruly exciting discovery: only a handful of novae have been observed as far as
Virgo [two arc reported by Hubble (Bowen (1952)) in M87,nine more inan immense effort

by Pritchet and vandenBergh (1987) in NGC 4472 and NGC 4365],

The M 100 nova. surpasses all of the previous discovericsin terms of the sampling of
thelight curve and the quality of the photometry. in spite of the fact that the usefulness
of onenovain MI 00 as a distance indicator is limited (at best), especially when a more
solid distance to the same galaxy is available through a sample of a few dozen Cepheids,
this nova is a precious addition tothesample of novac already known, inthe Galaxy, LMC,
M31, M33, NGC 5128, M81 and Virgo. Its excellently determined light curve testifies

tothe case with which 11 ST can find such objects and to their potential usc as distance



indicators in remote galaxics. Furthermore, a comparison with the Cepheid distance allows
anassessment of the quality of the maximum magnitude versus rate of decline (MMRD)
relation for novae, After thediscovery of the MI 00 nova, the photometry for all of the Key

Project galaxies is currently being re-examined in a search for novac.

Inthisshort letter, we therefore report the discovery of the M100 nova, presentits V
and ] light curves, ancl apply toitthe MMRD rclation. We aso discuss briefly the nova

rate in M| 00.

2. Observations

The set of observations thatledto the detection of the M 100 nova arc presentedin
detail and extensively discussed in Ferraresc et al. (1 996) and hill et a. (1 996).In those
papers the reader can aso find details of the reduction procedure and the photometric,
analysis. Hereitsuflices to say that the nova was observed in twelve V (F555W) and four
1(}'81 4W) epochs using the Wide Iicld and Planctary Camera 2 on board 11 ST The
observations span a period of 58 days. Unfortunately,the nova outburst occurred between
thefirst and the second epoch, which arc set about 11 clays apart,and wc thercfore lack

good sampling of thelight curve near maximum light.

3. Results and Discussion

Plate 1 shows a gray scale groul)c]-based image of M1 00, obtained by R. Pecleticer with
the Isaac Newton Telescope at L.a Palma. Wc have superimposed a deep HS'T/WFPC2
exposure obtained by combining all twelve V epochs. T'he nova, shown by the white circle,
was found inanuncrowded region in the outer part of the galactic disk. The low stellar

density inthe region aroundthe nova is better seem inPlate 2, which shows a 22" x 227




region centered on the nova itself, as it appears in the first (before outburst), second, sixth
and last cpochs. The dramatic change in the brightness of the nova between subsequent
epochs is readily apparent. The absence of nearby companions and bright stars makes it
very casy lo obtain extremely accurate photometry inthisregion, as testified by the very

low crrors associated with the novamagnitudes(Table 1).

The V and I light curves of the M1 00 nova arc showninligureland tabulated in
Table 1, Although weare missing data around maximum light, the declining part of the
light curve is beautifully sampled. We believe this to be an important result on its own
account: since well sampled (high accuracy) nova light curves are spare in the literature,
theM 100 nova provides a useful template for novae with similar decline rates. The nova
light curve, lincar in the carliest part of the decline and then sloping more gently at later
times, is typical of very well sampled novae foundin the literature [e.g. Nova Cyg 1975 and
nova Cyg 1978, vanden Bergh anti Younger (1 987): we note that the almost linear decline
shown by some novae (e.g. Rosino (1973), Arp (] 956), van den Bergh and Younger (1987))

is most likely the result of poor temporal sampling rather than being intrinsic].

An accurate distance to M100 was determined as a part of the HST Key Project on
the Fxtragalactic Distance Scale, by fitting Period-Luminogity relations to asample of 52
Jepheids found from the same set of HST/WIPC2 data in which the nova was discovered
[Ferrarese et al. (1996)]. The MI 00 Cepheid distance modulus is fto= 31.043 0.1 7 mag,

and the total (Galactic plus internal)mean color excess I5(J3 - V) = 0.10 4+ 0.06 msg.

The usefulness of novae as distance indicators relies on the existence of a relation
between the absolute magnitude al maximum light ant] the rate of decline, aso known
as the MMRD relation. In this paper we adopt the formulation of the MMRID relation
obtained by Della Valle and Livio (1 995). While it is not possible to obtain a reliable

distance to Ml 00 based cm one nova, 1t is useful to estimate a distance onthe basis of the




MMRD relation, as a consistency check.

There are two main sources of uncertainties in deriving a distance to M100 from the
nova light curve: the V magnitude at maximum light, and the reddening. The reddening for
the nova is likely lower thanfor the Ml 00 Cepheids[#(43 -- V) =0.104 0.06 mag, Ierraresc
el al. (1996)], since Cepheids arc found in regions of more recent star—forming activity and
more dust. On the other hand, the reddening of the nova cannot be lower than provided
by the Galactic foreground extinction: J5(/3—V) = 0,01 4 0.015 mag[Burstein and Heiles
(1984)]. Inall cases, following Ferrarese et al. (1996), we will assume Av/F(5- V)= 3.3,
the standard value for the interstellar medium, and adopt the reddening law by Cardelli,

Clayton and Mathis (1989).

An upper limit to the distance canbe easily determined: adoptling the lower limit for
the reddening (since wc are deriving anupper limit to the distance, I4(F --V) = 0.01 4 0.015
mag), wc can confident] y say that Mme. < 23.963 0.04 mag (cqual to the magnitude,
correcled for extinction, at the second epoch). Counting from this magnitude, the time
taken by the nova to decline by two magnitudes is 12~19 days which, when substituted into
the Della Valle and Livio (1995) MMRD relation, gives My ~ —8.1 mag.T’he corresponding

distance modulus then must be ft0 < 32.1 mag.

On the other hand, a lower limit to the distance can be obtained assuming that the
light curve has zero rise-tilnc (i.e. the maximum is reached at, the first epoch), and a
‘sawtooth’ shape (i.e. the decline is linear): livio (1 992) shows that novae light curves in the
carly phase of the decline arc indeed approximately lincar, with a slope equal to 2/1,.Since
weare calculating a lower limit to the distance, wc adopt the upper limit on the reddening
(I5(1B— V) = 0.1030.06 mag).By fitting a straight line to the first three points (after
maximum) inour light curve wc obtainfz= 11 days (1= 13 days if the first four points

arc used). I'rom the Della Valle and livio (1995) MMRD relation, Mv = --8.6. According



{o our assumptions, the apparent magnitude at maximum must be fainter thanthe My,
intercept of the straight line at the time corresponding to the first epoch (J1)=-2449465. 78),

my > 22.1 msg. From this, we obtain ji, > 30.7 mag.

A more precise estimate of the distance modulus canbe attempted by knowing that
at maximum light (1 — V)3 # = -10.234 0.00 [van den Bergh and Younger (1987)]. This
implies that the nova progenitor is of spectra] type between A 7 and 10, therefore the
I3 -V color translates to (V - I)5®* ~ 0.37 + 0.10 [c.g.Zombeck (1990)]. According
to the arguments presented earlier in this section, we constrain the reddening to be
(3 - V) = 0.06 4- 0.03 mag (where the error represents the standard deviation assuming
a uniform probability distribution over therange 0.01 < /(I - V) < 0.10). If the V and
Ilight curves are fit with an exponential profile (the best fits are shown in Figure 1) the
conditionon (V —1)§** is satisfied for V ~ 22.27 4 0.11 mag,implying {2 ~ 84 4 0.7
days, Mv ~ —8.77 4 0.04, and Mo~ 31.04:0.2. Tothis formal error, we need to add
(in quadrature) the uncertainty due totheintrisic scatter observed around the MMRD
relation, corresponding to o ~ 0.2 mag [eg. Della Valle ant] lLivio (1 995)]. This brings
the uncertainty on the distance up to 0.3 magnitudes. 1 lowever, the reader should not be
misled by the still apparently small error bar: it does not take into account deviations,
undoubtedly present, of the real light curve from our adopted exponential {fit. ‘I’he derived
distance falls just in the middle of the acceptable distance range derived in the previous
paragraph aud it agrees remarkably well with the Cepheid distance derived by Ferrarese
et a. (1 996). Good agrecment is also present betweenthe M1 00 distance derived in this
paper and the distance to Virgo cluster elliptical galaxies derived by Pritchet and van den

Bergh (1 987) from observations of six novae (fto~ 31.454 0.43).

W c coniclude this letter with a shortnote on the nova rate. Della Valle and Livio
(1 994) found an approximately linear relationship between t{herate of production of novae

and the I/ luminosity of the parent galaxy. Thisrelationship, applied to M 100 [my; = 8.97



mag, Aaronson (1 977)] predicts that about 15 novaelyear arcexpectedinthe galaxy. An
empiric.a] estimate of the nova ratein Ml 00 is easily derived. The WFPC2 field of view,
which is ~ 5.7 arcsec squared, coversabout 1 /4 of the stellar flux of the entire galaxy.
Having observed onc nova in a 58--day window, the nova rate per year is about 25, in

agrecment with the Della Valle and Livio (1 994) prediction.

We are indebted to Dr.John Graham for the many suggestions and comments. We
wish to thank Ib-. R. Peletier who kindly made available the ground-based image of M 100
shown in I’'late 1. Support for this work was provided by NASA through grant number
2227-87A from the Space I'elescope Science Institute which is operated by the Association]]
of Universities for Rescarchin Astronomy inc. under NASA Contract, NAS5-26555. M,
acknowledges support from NASA Grant NAGW- 2678 al the Space Telescopes Science

Institute.
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Table 1.V and 1 Photometry of the M100 Nova

Obs. Date (JD)? Vi AVP 14 AP
2449465.78 26.78 4 0.28
2449465.91 25.06 4 0.16
2449476.71 23.994 0. 04
2449478.99 24434 0. 04
2449482.40 25.00 4+ 0.07
2449485.22 25.294 0.08
2449485.35 24154 0. 07
2449489.04 25674 0. 10
2449493.53 25.935 013
2449498.82 26.01 14 0.15
2449503.85 26284 0.18
2449510.82 26.284 0.19 25.10 + 0.14
2449520.95 26.574. 019
2449522.96 26604 0. 24

2449523.09 25.184 0. 17

*The column lists the middle time, in Julian Days, for cach epoch.

>The V and 7 magnitudes reported are not corrected for extinction (See text).
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Iig.1.The V and | light curves of the nova. The magnitudes arc not corrected for
extinction. The solid lines are the best exponential fits to the light curves after outburst

(scctext for further explanation).

I'late 1. A decp HST/WIPC2 exposurc of M100 is supcrimposed to a ground based image
obtained by R.Pcletier with the IN'T at I.a Palma. The position of the nova is shown by

the white circle.

I"late 2. The nova (shown by the arrow) at four diflerent epochs. The first epoch was

obtained before the nova outburst. Fach panel shows a 22” x 22" region of the sky.
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